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For a few years now, segments of
the research library community
have been carefully tracking the
emergence of e-science and explor-
ing its implications for the future
of research libraries. During 2007–
2008, I had the opportunity to
work with the Association of Re-
search Libraries (ARL) and a task
force looking at issues in e-science
and library support for research in
the sciences. I also had the oppor-
tunity to reflect on how these
phenomena are the same or differ-
ent in the health sciences arena. I
will explore some of those ideas
here. First, what is e-science, how
is it likely to affect libraries, and
how are libraries positioned to
respond to it? What are the major
e-science initiatives in the sciences
and engineering and in biomedi-
cine? And finally, how does it
translate to the health sciences
library context?

What is e-science?

E-science has been described as a
new research methodology, fueled
by networked capabilities and the
practical possibility of gathering
and storing vast amounts of data.
E-science can be distinguished
from well-established experimen-
tal and theoretical methodologies
by its large-scale, data-driven, and
computationally intensive charac-
teristics [1]. E-science alters the
types of problems that scientists
address, the tools that they use,
and the nature of the publication
that results from their research.
Instead of conducting research to
collect and analyze data, a typical
e-science scenario mines existing
data in search of patterns or
correlations. Findings may support
or undermine a hypothesis or lead
to other questions and more min-
ing. Many disciplines that used to
be data poor now have more data
than they know what to do with,
thanks to sensor networks, ad-
vanced instrumentation, and in-

creased computing power and
storage capacity.

How is e-science likely to
affect libraries?

The ARL e-science task force re-
port [2] stated that e-science re-
quires new strategies for research
support and significant develop-
ment of library infrastructure.
Nearly all aspects of the research
library’s functions and roles may
need to change to support these
new methodologies. E-science
tends toward inter- and multidis-
ciplinary approaches that depend
on computation and computer
science. Research libraries have
traditionally been discipline fo-
cused and, although increasingly
technologically sophisticated, do
not have systems of the scale or
complexity of the e-science envi-
ronment. E-science is data inten-
sive, but research libraries have not
typically been responsible for sci-
entific data. E-science is frequently
conducted in a team context, often
distributed across multiple institu-
tions and on a global scale. The
primary constituency of libraries
generally comprises those affiliat-
ed with the local institution. Li-
censes for electronic content are
typically restricted to a particular
institutional community, and the
infrastructure to move institutional
licenses into a multi-institutional
environment is not well devel-
oped. E-science challenges all these
traditional paradigms of research
library organization and services.

Other areas have an easier fit.
Research libraries already have
existing capacity and expertise that
they can bring to bear to support e-
science. For example, research li-
braries have (1) expertise in the
policies and principles related to
open access and exchange of re-
search information, as well as in
the roles that can be played by
institutional repositories to assure
that exchange; (2) expertise in
developing and supporting inte-
gration and interoperability tools
(e.g., link resolvers, metasearch,

metadata standards); (3) experi-
ence developing and supporting
both business and technical strate-
gies for long-term archiving (e.g.,
archival support generally, Porti-
co); and (4) understanding of the
archival and life-cycle aspects of
scientific information, including
the importance of assuring access
and usability over the long term
(preservation, metadata) [2].

What are the major
e-science initiatives?

In the science and engineering
communities, the National Science
Foundation (NSF) is the primary
source of research funding and the
primary sponsor of cyberinfra-
structure and e-science initiatives.
NSF’s vision for an infrastructure
to support e-science contains four
interdependent areas of invest-
ment: (1) high-performance com-
puting; (2) data, data analysis, and
visualization; (3) virtual organiza-
tions for distributed communities;
and (4) learning and workforce
development [3]. Research libraries
have an interest in all these areas,
and the last three offer particular
opportunities: investments in data,
metadata, ontologies, data collec-
tions, and development of a na-
tional digital data framework; in-
vestments in tools and technology
systems for collaboration as well as
evaluative research on the social
and organizational dimensions of
virtual communities; and invest-
ments to prepare professionals
who will support, deploy, develop,
and design cyberinfrastructure [2].

Potentially the single most sig-
nificant driver of research library
collaboration with e-science activi-
ties to date is the NSF’s solicitation
known as DataNet [4]. At the heart
of the NSF DataNet vision is a new
type of organization based on the
research library as a model for
stewardship, sustainability, and
focus on user needs. This new type
of organization is the research
library transformed through a
deep connection with, and under-
standing of, the needs and mores
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of the scientific research com-
munity and through deep allian-
ces with other entities involved
in cyberinfrastructure-enabled re-
search.

What is the role for biomedical
libraries in e-science?

The biomedical and health sciences
communities are familiar with the
predominant role that the National
Institutes of Health (NIH) play in
funding research and fostering a
biomedical research agenda. Some-
what analogous to the NSF Data-
Net development is the NIH Clin-
ical and Translational Science
Awards (CTSA) program that
seeks to transform the conduct of
clinical and translational research
in order to yield new treatments
more efficiently and quickly in
part by designing new and im-
proved clinical research informat-
ics tools [5].

The role for health sciences
libraries in the CTSA projects that
have been funded to date is much
less explicit than the role desig-
nated for research libraries in the
DataNet initiative. For one thing,
development of a sustainable data
network is not a stated goal of
CTSAs, so the concept of the
library as a data steward is
absent. However, several health
sciences libraries are involved in
the CTSA projects at their institu-
tions. Anecdotal evidence indi-
cates varying levels of collabora-
tion occurring in designing,
developing, and testing informat-
ics tools for data management
funded by CTSA. Several projects
feature the development or refine-
ment of ontologies and registries
to enable interoperability among
clinical data systems. The CTSA
program at the University of
Washington in Seattle, for exam-
ple, includes projects on access to
electronic health data, clinical
data management, access to sci-
entific instrumentation data, and
clinical data integration. Librari-
ans have opportunities here to
collaborate with biomedical infor-
matics and clinical researchers.
Although we in the health scienc-
es library community tend not to

explicitly label this as e-science, it
is directly analogous to e-science
work in the science and engineer-
ing domains.

The health sciences library com-
munity is well aware of the role
played by NIH, through the Na-
tional Library of Medicine (NLM),
in conducting the research and
development and providing the
infrastructure that the national
health sciences library community
relies on. But most of us are less
aware that our colleagues in the
science and engineering library
communities have no such infra-
structure or research and develop-
ment effort to rely on. Without this
lead, the national community of
research libraries must attempt to
fill the gap by forming a federation
and relying on the strengths of
individual institutions and consor-
tia of institutions.

This lack of focused support at
the federal or national level for
science and engineering libraries
(although the Library of Congress
does provide some of this) is an
obvious disadvantage in that in-
stitutions must then invest their
own scarce resources in the re-
search and development needed
to create systems, tools, resources,
standards, and policies to support
new forms of digital scholarship.
At the same time, it also presents
an advantage: through their in-
vestment, these institutions and
consortia develop expertise in
supporting e-research. With many
exceptions, of course, the health
sciences library community does
not tend to develop this expertise
internally because it does not
have to. Much of the community
can rely on the tools and resourc-
es developed by NLM and use
those tools and resources to sup-
port researchers and clinicians.
One might describe the health
sciences library community as
being more focused on user needs
and uses, because it can be;
whereas the broader research li-
brary community is more con-
sumed with developing the sys-
tems, tools, and resources they
need to deliver e-science content
and services, because they have
to.

The powerful and definitive role
of NLM in this regard is evident in
the development of the Entrez
cross-database search system. En-
trez is a powerful federated search
engine that allows users to search
many discrete databases built by
the National Center for Biotechnol-
ogy Information (NCBI). Entrez is
an early, and still leading, example
of an advanced search and analysis
tool that allows researchers to
search across multiple databases,
bringing together diverse informa-
tion sources such as journal cita-
tions and abstracts, subject head-
ings, the full text of journal articles
and books, protein sequences, and
gene sequence data. Entrez also
provides an application program-
ming interface (API) that enables a
structured interface to all the data-
bases and a flexible set of tools to
discover unexpected patterns in
the databases [6].

Many resources and tools devel-
oped by NCBI/NLM have become
central elements in the progress of
molecular biology and proteo-
mics/genomics research. One in-
teresting example—linking dispa-
rate sources with potentially far-
reaching ramifications—is the da-
tabase of Genotype and Pheno-
type (dbGaP), which is designed
to explore the association between
specific genes and observable traits
or the presence or absence of a
disease or condition. Connecting
phenotype and genotype data pro-
vides information about the genes
that may be involved in a disease
process or condition, which can be
critical for better understanding
the disease and for developing
new diagnostic methods and treat-
ments [7].

These are powerful examples of
products arising from the collabo-
ration of domain scientists with
computer and information scien-
tists. With the knowledge and
skills needed to use these e-science
resources and tools, librarians can
support and connect with scien-
tists in their own settings. These
products are also brilliant exam-
ples of the infrastructure made
possible because of NLM. Health
sciences librarians can be, in effect,
a field force in deploying these
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tools and resources to assist the
advance of biomedical research.

Health sciences librarian in-
volvement in e-science, then,
is essentially made possible by
NLM’s investments, research, and
development. We can be thankful
for this leadership. But we should
not be complacent and assume that
we do not have any responsibility
to carry out this work—thinking
that NLM has that covered for
us—lest we lose touch with the
researchers at our institutions and
be seen as increasingly peripheral
to them. The investment that many
health sciences libraries have made
to support bioinformatics is one
step in the direction of engaging
with the research community and
providing new services. Learning
where the pockets of e-science
activity are in your health sciences
center—whether in clinical re-
search, basic sciences, or a CTSA
program—is a way to continue
to span boundaries, understand
emerging information manage-

ment needs, and continue to keep
the services we deliver fresh and
relevant.

Neil Rambo, nrambo@u.washington
.edu, Acting Associate Dean, University
Libraries, and Acting Director, Health
Sciences Libraries, University of Wash-
ington, Box 357155, Seattle WA
98195-7155
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